Three outbred weanling Syrian hamsters (Mesocricetus auratus) were submitted for necropsy after developing variably severe diarrhea and depression or dying unexpectedly shortly after shipping to a commercial pet store. Grossly, the three weanlings had thin-walled intestines that were distended with excessive amounts of turbid, yellowish-green fluid contents and friable mucosa, particularly in the ileum and cecum. Silver stain highlighted intralesional "stacks" of rod-shaped filamentous bacteria characteristic of Tyzzer's disease in both of the small and large intestines of all three animals. Additionally, the liver of one weanling No.1 contained multifocal pinpoint foci of necrosis throughout the hepatic parenchyma and milder necrotizing lesions in the myocardium. In the intestines of the three weanlings, colonies of gram negative plump bacilli scalloped the apical surface of ileal, cecal and colonic enterocytes containing Clostridium piliforme (C. piliforme) filamentous bacilli in their cytoplasm. Samples of fresh intestines and feces from the three weanlings plus the liver from the weanling #1 demonstrated a 270-bp band specific to C. piliforme. Another 425-bp band specific to attaching and effacing Escherichia coli (AEEC) was identified in the intestines of the three hamsters. The PCR products were sequenced using 16S ribosomal ribonucleic acid (rRNA) gene based primers revealing 98% sequence alignment and homology with sequences specific to C. piliforme. This article represents the first published cases of enterotyphlocolitis associated with dual natural infection by AEEC and C. piliforme.
Introduction
Transmissible enteritis in Syrian hamsters was first described in the seventies where the identity of the causative bacteria was uncertain but the intracellular bacteria were identified with Warthin-Starry stain and electron microscopy. The putative bacteria resembled Campylobacter species [1] . Non-hemolytic Escherichia coli and Campylobacter-like organisms were associated with a natural outbreak of enetrocolitis in a colony of breeding Syrian hamsters over a period of 2 years [2] . The enteropathogeneicity of E. coli isolated from moribund hamsters was proven in pathogenesis studies in intestinal loops from weanling but not adult hamsters [3] .
Enteropathogenic Escherichia coli (EPEC) usually results in variably severe diarrhea in a wide range of hosts, including calves, dogs, hamsters, lambs, pigs, rabbits, deer, and humans [4, 5] . The severity of the clinical disease in infected animals is attributed to a distinctive mechanism of bacterial colonization that is characterized by intimate bacterial adherence to the intestinal mucosa. Following the initial adherence of the bacteria to the apical surface of enterocytes, the attaching bacteria efface the microvilli and form pedestal-like structures beneath the adherent bacteria inciting attaching and effacing (A/E) lesions [6, 7] . The ultrastructural changes typify these lesions are characterized by cytoskeletal rearrangements in the host enterocytes, in particular the recruitment of actin filaments beneath adherent bacteria [8] . The ability of AEEC to manipulate the host cytoskeleton is encoded by the chromosomal "locus of enterocyte effacement" (LEE) pathogenicity island, an essential virulence factor [6, 7, 9, 10] . Another chromosomal gene, eaeA, encodes the protein intimin, which is an adhesin that is directly involved in the A/E activity [11] [12] [13] . A second adherence factor, the plasmid-encoded type 4 bundle-forming pilus (BFP) is also required for intestinal colonization [14, 15] . Throughout A/E infection E. coli remain as extracellular pathogens only restricted to the mucosal surface [16, 17] .
Pathogenesis of the diarrhea due to EPEC is complex and involves multiple mechanisms including: 1) malabsorption; 2) active secretory mechanism; 3) active alteration of ions across intestinal epithelial membranes; and 4) local inflammation associated by transmigration of neutrophils [16] [17] [18] [19] .
In contrast, C. piliforme, the causative agent of Tyzzer's disease, is an anaerobic, pleomorphic, obligate intracellular, Gram-variable though predominantly Gram negative, sporeforming, filamentous rod-shaped bacterium that is difficult to isolate in cell-free media [20] . On the basis of 16S RNA analysis, the organism has been assigned to the genus Clostridium that can cause natural infection in a wide variety of domestic, wild, and laboratory animals including hamsters [21] [22] [23] . Tyzzer's disease occurs among laboratory animals stressed by poor environmental conditions, overcrowding, and high temperature or may result from activation of latent infections, as is the case in muskrats [24] . The distal intestine, specifically the ileo-cecal-colic junction is the primary site of infection by C. piliforme where interleukin-12 (IL-12) seems to play a key role in the pathogenesis of the disease. Neutralization of IL-12 increased the severity of Tyzzer's disease in mice after 3 days post inoculation [25] . In disseminated forms of the disease and after accessing portal circulation, the bacteria usually disseminate to other organs, particularly the liver and heart, in both mammals and birds [26, 27] . C. piliforme rarely disseminates into the brain of gerbils and captive birds [27, 28] .
The aim of this communication is to record a previously unreported dual infection of AEEC and Tyzzer's disease in hamsters and establish a pathogen causal relationship based on the gross findings, histopathologic lesions and molecular testing by PCR.
Clinical disease: Three weanlings (numbered 1 to 3) were submitted for necropsy including 2 weanlings that were euthanized and another weanling died unexpectedly after arrival at the pet store. The gastrointestinal tract of all three weanlings was thin-walled, variably congested and distended with excessive amounts of turbid, yellowish-green fluid contents particularly the ileum and cecum. The liver and heart from one weanling (#1) was studded with pinpoint white foci throughout the hepatic and cardiac parenchyma. Figure   1D ). The heart showed mild multifocal necrotizing myocarditis containing very few organisms.
Diagnosis:
No viruses were detected in the feces in any of the 3 animals by direct electron microscopy.
Heavy growth of E. coli was obtained from the intestines of the 3 weanlings on MacConkey and blood agar plates under aerobic conditions. No significant bacteria were isolated from the liver (Proteus spp.) and heart of weanling #1.
Clostridium difficile toxin neutralization test was negative. Fecal cultures were negative for other significant bacteria, particularly Salmonella and Campylobacter spp.
Genomic DNA was extracted using a commercial minikit a from fresh intestines and feces from the three weanlings and fresh liver from weanling #1 were subjected to PCR amplification by a known primer set specific to C. piliforme [29] and a known primer set specific to AEEC [4] . The PCR amplification of C. All PCR products were electrophoresed on a 1.5%
agarose gel and were visualized by staining with GelRed d stain. 
Discussion
The current report clearly demonstrated that heavy colonization of the small and large intestines of three hamster weanlings by enteropathogenic bacteria and co-infection with C. piliforme resulted in a severe enteric disease similar to that described in the early reports of dual infections [1, 2] . pseudotuberculosis, Y. enterocolitica and C. piliforme, which produce similar pathologic lesions in rodents and lagomorphs [20, 32, 33] . Contact with sick animals or contaminated bedding is the most likely source of infection of hamsters in the current report, as has been established in mice [22] .
In naturally infected animals, as in the weaned hamsters The findings in this report indicates that the primary target of Tyzzer's disease in hamsters is the intestines, particularly the ileum, as only one animal developed disseminated hepatic and cardiac Tyzzer's lesions similar to other mammals and birds [26, 27] . Diagnosis of Tyzzer's disease in hamsters, similar to other wild and laboratory animal species, can be established upon finding the characteristic necrotizing enterohepatic lesions, intralesional silver-stained filamentous rods and PCR amplification [20, 29, 35] . Caution, however, should be practiced when interpreting the PCR results using feces, as with other bacteria, C.
piliforme is phylogentically similar to other Clostridia species [20, 36] . In juvenile hamsters, Tyzzer's disease is most commonly associated with a primary stressor, as it is shown to occur secondary to immunocompromised status resulting from nutritional imbalances, overcrowding and other environmental stressors, infectious causes or treatment with corticosteroids [26, 37] .
In conclusion, the current report establishes AEEC as a causative agent of diarrhea in the hamsters, which are susceptible to dual infection with enteropathogenic E.coli and C. piliforme at weanling or very young age.
